In this study, we tested the hypothesis that diet composition reported by children before the beginning of an obesity treatment program could be a predicting factor of the clinical outcome. A sample of 138 obese 6-16-year-old children and adolescents were recruited. Anthropometry and dietary habits were recorded. Each patient participated in a multidimensional treatment program in an outpatient obesity public service clinic. Therapy was based on a 6-month educational program on nutrition, lifestyle and physical activity. Children with a lipid intake above 34.7% of total energy had a 2.5 times higher chance of reducing at least 1.5 units of BMI with treatment than children with lower lipid intake. These results suggest that the assessment of habitual diet, in particular diet composition before starting treatment, may help to identify obese children who are more sensitive to intervention and those who need more specific nutritional assistance.
INTRODUCTION
Dietary changes are an essential component of obesity treatment. 1 An assessment of dietary habits before starting the program is a necessary pre-requisite to be able to focus on the appropriate treatment of unbalanced nutritional behavior. Therefore, the aim of this study was to test the hypothesis that the composition of a child's usual diet, reported before initiating the treatment program, could be a predicting factor of body mass index (BMI) change after 6 months of multidimensional therapy in a sample of obese children.
PATIENTS AND METHODS
The experiment was designed as a non-randomized, cohort study including 138 Italian obese children and adolescents. Inclusion criteria were: age (6-16 years old), confirmed obesity and ethnic group (white). Subjects were defined as obese on the basis of the International Obesity Task Force BMI cutoff. 2 Exclusion criteria were: obesity secondary to other diseases, chronic diseases and chronic use of drugs or dieting at the time of the study. Children reporting an energy intake o110% of their basal metabolic rate predicted by age, weight and gender were also excluded as they are considered potential underreporters. Parents self-reported their height and weight, and the time their children spent every day in front of a viewing screen (television/video games/computer) or doing sports or organized physical activity. Both procedures were previously validated. [3] [4] [5] The study was approved by the Ethical Committee of the University Hospital of Verona and informed consent was obtained from all the parents and participants. All the participants were given a physical examination with anthropometric measurements, assessment of pubertal development (Tanner stages) and measurement of blood pressure. After 6 months of treatment, anthropometry was re-measured.
Weekly meal and snack intake was determined through one interview with mothers and children conducted by a trained dietician at the beginning of the nutritional treatment. Information regarding portion size, frequency of eating, food preparation and place of consumption was also 
Nutritional intervention
The children and their family participated in three education sessions aimed at promoting adherence to national Recommended Dietary Intakes, reduced sedentary behavior and increased physical activity. Each session, conducted by the same trained dietician, lasted 1 h and the three sessions were provided weekly during the first 3 weeks of the overall treatment period. After the education sessions, the children had monthly follow-up visits with the dietician and, after 6 months, with the pediatrician. At the monthly follow-ups the dietician discussed with the parents the changes in nutritional behavior of their child, focusing on reported difficulties in handling these changes. Moreover, the dietician used a problem-solving approach to encourage families to anticipate high-risk situations likely to produce a positive energy balance.
Physical activity
All the parents were encouraged to reduce the time their children spent in front of a screen to no more than 2 h per day, to make sure their children did some sort of physical activity at least three times a week and were instructed to organize a more physically active lifestyle.
Statistical analysis
The 34 children corresponding to the best quartile of BMI change at the 6th month follow-up (group A) were compared with the other 104 children (group B) by univariate analysis in order to identify potential predictors of a favorable BMI change. The Student's t-test, Mann-Whitney test and w 2 -test were used for univariate comparison of normally distributed, skewed and categorical variables, respectively. Gender, age, anthropometrical variables, nutritional variables, parental BMI, time spent actively and screen exposure were included in the univariate analysis as potential predictors of a BMI change in the best quartile. Relationship between variables and the BMI change were also measured by Pearson correlation coefficient. On the basis of the results of the univariate analyses, a parsimonious multiple logistic regression analysis was run, using a reduction of at least 1.5 BMI units after 6 months (corresponding to the best quartile) as the dependent variable and self-reported maternal BMI and the child's lipid percent of energy intake (the only variables significantly associated with a X1.5 BMI reduction in association and/or correlation analyses) as independent variables. Receiver-operating characteristic (ROC) analysis was used to evaluate the accuracy of any significant independent outcome predictor resulting from the multiple logistic analysis. All computed analyses were performed by SPSS 19.0 statistical package for Windows (SPSS, Chicago, IL, USA).
RESULTS
At follow-up, 103 children, orB75% of the total sample, had reduced their BMI. Of them, the 34 children included in the best quartile of BMI change (loss of at least 1.5 BMI units) (group A) were compared with children who had decreased their BMI to o1.5 (number ¼ 69) pooled with those who did not decrease their BMI at all (number ¼ 35) (group B).
Group A showed a significantly higher lipid intake (P ¼ 0.002) and a lower carbohydrate intake (P ¼ 0.004), expressed as a percent of total energy, than group B (Table 1) . No other significant differences were found in any other variable, including gender and puberty, between the two groups.
Multiple logistic regression analysis showed that the lipid intake at recruitment contributes to predict the clinical outcome after 6 months of treatment (decrease of at least 1.5 BMI units) in obese children (odds ratio 1.16; 95% CI (confidence interval): 1.05-1.27, Po0.003). ROC analysis showed that discrimination accuracy of lipids as a percentage of total energy intake was moderate, with an area under the receiver operating characteristic of 0.66 (95% CI: 0.55-0.77, Po0.007). The optimal cutoff point of 34.7% of energy intake from lipids according to the Youden index showed a 62.5% (95% CI: 45-78) sensitivity, a 66% (95% CI: 57-75) specificity, a positive predictive value of 36% (95% CI: 23-47%) and a negative predictive value of 81% (95% CI: 74-88%). Children with a lipid intake above 34.7% of total energy had a 2.5 times higher chance of reducing their BMI than the children under this threshold (Figure 1 ).
DISCUSSION
The results of this study showed that obese children with the highest intake of fat as a percentage of total energy intake reported before initiating a standard treatment for obesity are those with the highest chances of significantly improving their BMI.
We can hypothesize that the nutritional habits of these children can be changed with less difficulty than those of children who eat less fat and more carbohydrates. Therefore, children with a highfat, low-carbohydrate diet might get greater benefits than children with a low-fat, high-carbohydrate diet, from a reduction of their fat intake due to a decrease in the level of energy density food in their diet. 6, 7 Moreover, the palatability of their diet is less affected if the same amount of fat is reduced in a high-fat diet than in a moderate-or low-fat diet, so that the dietary changes are more acceptable. 8 The reduction of fat intake improves appetite control and limits 'passive overconsumption'. 9 However, self-reported energy intake is not highly reliable. 10 Thus, it can also be hypothesized that children with the highest reported values of fat intake are not necessarily those with the fattest diet but rather those with the most reliable reporting. Reliable reporting is likely to correspond to a good level of maternal consciousness of the child's dietary intakes, a low risk of major eating disorders and a good level of confidence in the dietician. All these factors are likely to be positively associated with the family's compliance and treatment efficacy and may thus explain the good outcome regardless of the actual eating habits. This does not invalidate the association between the self-reported diet and the treatment outcome, but introduces uncertainty concerning the mechanisms of this association. Unfortunately, we did not collect quantitative follow-up information on compliance to treatment and changes in nutritional habits, so we were not able to conclusively assess whether the children with the best treatment outcomes actually had the highest baseline fat intake, or whether they had the highest overall compliance from the beginning of the program. This is the main limitation of our study, besides the small size of the cohort in the best quartile of treatment outcome.
These preliminary results need to be confirmed in larger populations with different ethnic backgrounds and for a longer follow-up period. Nevertheless, they suggest that dietary habits reported by parents and children at the beginning of a nutritional treatment program may help in predicting treatment outcome. This in turn could be helpful in searching for alternative, possibly multidisciplinary, strategies for families who are less likely to benefit from the nutritional treatment program.
